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® A drug delivery catheter with an inflatable blood flow lumen includes a flexible tubular shaft (30) and an 
inflatable balloon assembly (10,12,14.16) disposed at the distal end of the shaft. The catheter is inserted into a 
vessel with the balloon assembly in an un-inflated form and the balloon member is positioned at the treatment 
site and inflated. The balloon member in an inflated form defines a region or pocket (26) between the balloon 
assembly and the vessel wall which contains the drug separate from blood flow. Apertures (40) are provided 
within the balloon assembly to provide the drug to the containment pocket. Blood is allowed to flow through the 
center (24) of the inflated balloon assembly. 
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The present invention relates to a drug deiivery device and method. More particularly the present 
invention relates to a drug delivery device and method that is flexible as to the drug agent employed and 
the durabon of drug administration with an emphasis on physician control over deployment of both the druo 
and the device. ^ 

s Obstructive atherosclerotic disease is a serious health problem facing our society today. TTiis disease is 
the result of the deposit of fatty substances on the interior of ttie walls of the arteries. The build-up or 
accumulation of such deposits results in a narrowing of ttie inside diameter of the artery which in turn 
restncts the blood flow ttirough tiie artery. This disease, wherein the opening or lumen of the artery is 
narrowed, is known as atherosclerosis and ttie accumulation is known as a lesion 

10 One commonly used procedure for treating an obstruction caused by attjerosclerosis is a procedure 
known as coronary artery bypass graft surgery ("bypass surgery"). Although bypass surgery has been used 
Witt, moderate success in tiie treatment of atherosclerosis, it can be extremely invasive and traumatic to ihe 
patient. 

One less invasive and traumatic procedure developed more recently is coronary angioplasty Coronary 
75 angioplasty, and angioplasty in general, is a procedure in which a balloon is positioned in the inside of «ie 
artery at ttie site of ttie accumulation or lesion and inflated in order to dilate ttie atfierosclerotic lesfon and 
ttius open tfie restricted area of tiie artery. In order to advance the balloon to ttie lesion, the balloon is 
attached to the distal end of a small diameter cattieter. which includes means for inflating the balloon from 
ttie ottier end of ttie catheter. The catheter is maneuvered or "steered" ttirough the patient's vessels to ttie 
20 site of the lesion with the balloon in an un-inflated form. When the un-inflated balloon is properly positioned 
at the lesion, the balloon is then inflated to dilate tfie restricted area. 

While angioplasty has been relatively successful in treating coronary artery disease, restenosis of the 
reated site often occurs approximately 3 to 6 monttis following the procedure. It is believed that ttie primary 
factor m developing restenosis is ttie healing ttiat takes place after the injury caused by ttie intervention of 
balloon dilation procedure. The restenosis has close analogy to scar famiation in that ttie histologic result 
h« a similar morphology. The histologic response is called intimal fibrous hyperplasia. A main result of ttie 
inhmal fibrous hyperplasia consists of smootti muscle cells from ttie vessel wall that proliferate and migrate 
m the vessel wall. The net result is a thickening of the vessel wall. Over time, this thickening reoccludes or 
restenosis the vessel to a point where it is clinically significant. That is. ttie blood flow through ttie vessel is 
diminished to a rate similar to ttie rate before the angioplasty procedure. The occurrence of this seems to 
happen approximately 30-35% of the time following an angioplasty to that specific site 

Several alternative procedures have been attempted to try to affect ttie occurrence or rate of the 
restenosis following intervention to the lesion site in the coronary artery. These procedures have Included 
the use of lasers, mechanical atherectomy devices, heated balloons, and metal implantabte stents While 
each of these procedures has shown some success in dealing with ttie initial lesion, all have ttie similar 
problem of restenosis at a similar or even greater occurrence. Current estimates of restenosis of ttie lesion 
site using ttiese alternative procedures ranges between 40-50%. The time frame of restenosis of all of ttiese 
IS generally from 3-6 monttis after the procedure. 

Therefore, it appears that ttiis restenotic healing lesion area is independent of ttie type of interventional 
procedure used. Rattier, it is a physiologic response to any type of injury brought to ttiat lesion site 
«r^^! !^ intervention independent physiologic response, it is felt by many physicians ttiat potentially 
me best way to deal witti restenosis would be by a phamnacologic means, such as a drug agent, targeted at 
ttie biochemical events that take place after injury. » » a 

To date, most pharmacologic trials involve eittier an oral or intravenously injected dmg ttiat is defivered 
ttiroughou ttie whole body in. hopes of trying to effect this small site in ttie arteries. This type of 
pharmacologic treattnent is known as a "systemic treatinent." Some agente ttiat have been tried in human 
clinica^s include: heparin, calcium channel blockers, angiotensin converting enzyme inhibitors, fish oil. and 
growth peptides Ottier agents ttiat may not have been tried in clinicals but are of interest include 
T^^^^^ serotonin antagoniste. HMGCoA reductase inhibitors, platelet derived 

hSSwS'ia'toir'"^'"'^ ^9^«9ation inhibitors, and ttirombin inhibitors such as 

Th-r!J^"^!°" °' """^ °* ^^^^ ~" studies or animal studies. 

Those studios have shown some effect on ttie smootti muscle cell proliferation which is a major component 

human trials to date has shown a maior effect on ttie occurrence of restenosis 

it i.^^ «^o"9h none of ttiese agents have been completely successful in ttie in vivo human cfinfcal trials. 

^n^if iii^T^I! ^. ■ °™ °' ^^^"'^ °' asent. if delivered locally and site 

specifically to ttie lesion, would still be abte to reduce ttie proliferative response. One of ttie problems witti 
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systemic techniques is tlie inability to deliver a high enough concentration of the agent locally at the lesion 
in order to effect the physiologic response. In the in vitro studies which have shown some success a high 
concentration of the agent was used. Thus, it is believed that if the agent was delivered specifically to the 
site as opposed to systemically. the agent may be delivered at a high enough concentration to truly effect 
5 the physiologic response. 

The reason many of these agents have not been used in a higher concentration in vivo in humans is 
that many of the agents may exhibit undesirable side effects. Thus, if a high concentration of the agents is 
given systemically. they may have unwanted physiologic effects. TTierefore. if the drug can be given with 
high concentrations locally to the vessel wall while minimizing the systemic amount of drug, the desired 
70 result of modulating the restenotic growth while preventing any unwanted systemic effects may be 
achieved. ' 

There are other ways known to date in trying to create a site specific local delivery of drug to a site 
One approach presently contemplated is the use of a perforated or sweating balloon. For example a drug 
delivery device is disclosed by Wolinsky, H.. et al. in the article entitled. Use of a Perforated Balloon 
Catheter to Deliver Con centrated Heparin Into the Wall of a Normal Canine Artery . 15 JACC 475 (Feb 
1990). This device is a percutaneous transluminal coronary angioplasty (PTCA) balloon with several 
microholes in the balloon for delivery of an agent during balloon dilatation. The drug is incorporated into the 
same fluid which is used to inflate the balloon. 

A major concern with any device with perforated holes is the effect of a jet stream on the wall of the 
blood vessel. If a balloon with holes is pressurized, a relatively high velocity and/or pressure jet stream may 
be ejected through the holes. There are some indications that these jet streams may cause tissue damage 
resulting in very severe dissection of the vessel wall after the dilatation procedure. 

Another disadvantage of available devices, such as the one disclosed by Wotinsky ef al., is that these 
devices cause a substantial blockage of blood flow in the subject vessel during the procedure. Thus such 
devices may only be used for the fairly short time frame (typically, from one to two minutes), similar to the 
time frame of the actual angioplasty dillatation. 

Other available drug delivery devices are disclosed, for example, in United States Patent Numbers 
4,824.436 (Wolinsky) and 4.636.195 (Wolinsky). These devices are directed to a dual occlusion catheter in 
which a balloon is inflated proximally and distally of the accumulation or lesion creating a space for infusion 
of a drug. This dual balloon catheter creates a space for infusion of drug separate from the blood flow This 
device, however, also can only be used for a short period of time because it occludes blood flow. 

Perfusion is very important in developing a suitable type of delivery device. It is necessary that the 
device provide a large latitude in time over which the agent could be delivered and therefore, devices which 
occlude blood flow may not provide the necessary latitude. Because the basic research into the biochem- 
istry and physiologic events indicate that the initial events begin immediately after injury and continue 
intensely for several hours, it is desirable for the drug delivery system to allow drug delivery for several 
hours to a day or two beginning immediately after intervention. This research also points out that the initial 
events subsequently create a cascade of events that ultimately lead to intimal thickening. While these 
accumulations or lesions do not become apparent for several months, it is felt that if these initial events can 
be modulated, blocked, or even accelerated, then the subsequent cascade can be altered and a diminished 
overall thickening could be achieved. 

Even in devices where the shaft tubing provides a lumen for blood flow, the blood flow is limited by the 
diameter of the tube. In fact, when the shaft tubing is used for a blood flow lumen, there is a competing 
balance of making the shaft large enough to accommodate the larger volume of blood flow while still trying 
to minimize the size so that the catheter can be maneuvered through the patient's vasculature. This limited 
blood flow, while providing obvious advantages to no blood flow, may not be completely satisfactory in 
providing the necessary blood flow to the heart (or other part of the body). 

Catheters with expandable devices are also used in other procedures. For example. United States 
Patent Number 4.183,102 (Guiset) discloses a device which includes a series of toroidal shaped sleeves 
which conform to a vessel wall. The device disclosed in this patent is for the treatment of some aortic 
aneurysms and does not include any means for drug delivery. 

Therefore, it Is desirable to have a drug delivery device capable of providing the necessary blood flow 
to the heart for restenosis treatment Further, such a device may also be extremely desirable in other 
procedures where a drug is to be delivered to a specific site in a vessel. For example, drug delivery 
devices may be useful in procedures where a drug or agent is used to dissolve the stenosis in an effort to 
avoid the use of angioplasty or atherectomy procedures altogether or to deliver a thrombolytic agent to 
dissolve a dot at the lesion site. 

It will be recognized from this discussion that there is a need for a generic type of drug delivery system 
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which emphasizes physician control over the device and agent. TTie device should have flexibility as to the 
agent that is to be delivered and should be capable of delivering any number of agents (either separately or 
at ttie same time), or possibly also allow a change in the protocol of the delivery. It should also be flexible 
with respect to the time frame over which these agents would be delivered. In order to effect this time 
5 frame of delivery, the device should also allow a large amount of blood flow by or through the device in 
order to maintain adequate distal perfusion of cardiac or other muscle during the delivery time 

Tlierefore. it is a primary object of the present invention to provide a device and method which can 
contain a relatively high concentrafion of a drug agent in a selected portion of a vessel, such as a blood 
vessel. wtwvj 

" frame °^ *° P™'"'^^ = can be used in a flexible time 

It is a further object of this invention to provide a drug delivery catheter which pennits a relatively hiqh 
fluid flow rate through the vessel in which it is inserted while the device is employed. 

It IS a still further object of this invention to provide a device which is flexible as to the drug and the 
/5 number of drugs which can be delivered as well as the time frame over which they can be delivered 

To achieve these and other objects, the present invention provides a new and unique drug delivery 
catheter which may be inserted into a vessel, such as a blood vessel. The drug delivery catheter of the 
present invention comprises an elongated tubular shaft which includes a drug lumen for delivering a drug to 
T,H^TT! ^'*! ^ ""''•"^'^ configured inflatable balloon assembly. The balloon assembly is disposed 
20 at the distal end of the shaft and includes an inflatable balloon member. The balloon member has a 
configuration such that when the balloon member is uninflated, the fluid in the vessel (such as blood) may 
«ow around the balloon assembly. This provides an arrangement which may be easily inserted and 
manipulated through the vascular system. When the balloon member is an inflated state, part of the balloon 
member contacte the vessel wall defining a containment pocket between the vessel wall and the balloon 
25 assembly. The balloon assembly includes apertures in the containment pocket which are in fluid commu- 

r \ y i"?^" *° ^'""'"^^ *° ''"'9 *° containment pocket. A flow lumen is also 

defined through the balloon member when it is inflated in order to allow the fluid in the vessel, such as • 

i„«?\K r„ ^^'^'"'"y- '^^^ '"^'"^^s an inflation lumen which is used to 

inflate the balloon member. 

30 The present invention also encompasses a method of using the drug delivery catheter to deliver drugs 
to a treatment site in desired concentrations. 

whil''^ "T®"* " ^"^9 ''^"^^^ relatively high concentrations and 

which can iDe used in a relatively flexible time frame. For example the time frame may be greater (or less) 

than several minutes to possibly several hours or a day to two days. 

h«oJI!^ tj^e ff^'^e of delivery is important in procedures intended to abate the occurrence of restenosis 
because the time frame needed to favorably modulate the restenotic response is variable 

.r. '^''''^ ^ "^^^'^ °' P'®^®"* '"^e"*'"" ""^V ^ advantageously used to deliver a druq 

agent intended to dissolve a lesion or to dissolve a clot at a lesion site. 
In the drawings:- 

S^Mnf ^ ^ embodiment of the drug delivery catheter of the present invention. 

FIGURE 2a showrs a cross section of the embodiment of RGURE 1 along line 2a-2a 
FIGURE 2b shows a cross section of the embodiment of FIGURE 1 along line 2b-2b 
FIGURE 3a shows a cross section of the embodiment of FIGURE 1 along line 3a-3a 
FIGURE 3b shows a cross sectional slice of the embodiment of the device of Rgure 1 in a plane 
45 perpendicular to line 3a-3a. , 

FIGURE 4 shows another embodiment of the drug deHvery catheter of the present invention in a deflated 

SoM^f f *® embodiment of the drug delivery catheter of RGURE 4 in an inflated form. 
^oMof ^ embodiment of the drug delivery catheter of the present invention. 

I embodiment of the drug delivery catheter of the present invention. 

pS. .of o embodiment of the drug delivery catheter of the present invention. 

MtiURE 8a shows a front view of the embodiment of FIGURE 8. 
FIGURE 8b shows a cut-away view of the embodiment of RGURE 8 
pISof I ^^'T^ embodiment of the drug defwery catheter of the present invention. 

FIGURE 9a shows a cross section of the embodiment of RGURE 9 along line 9a-9a 
FIGURE 9b shows a cross section of the embodiment of RGURE 9 along fine 9b-9b 

ballcS^^^rf ^i"'^-"^ '' ^ V^^*' « P«*«"'«<l «"'bodiment of the present invention includes a 
balloon assembly composing a single piece of balloon tubing laced in a manner that will be described 
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below to form toroidal or donut-shaped balloons 10 12 id ifi wk ■ „ 

16 are intended to impinge upon or er,gagTthe ve«el 1 , 14 and 

figures depict the balloons 10. 12. 14. 16 in LirTnflaSlr " """^^ '*«»^' ^^'o*- The 

In an exemplary embodiment, these balloons 10 ic 
diameter in their inflated form. TT^e balloons howeve; can havU^ fTl °"»='de 
mm to, about 20 mm in their uninflated form deZdino Zh^ J'*' ^'"^^'^^ 2 
bodyin Which the balloons will be used. The's^Ti^^tZ^lTT ^""^) 

TT.e most distal balloon 10 and the next mordiS b1^n\T "f"^ procedures, 
are the most proximal balloon 16 and the nermoJ oroSm^r ilV^ V^^^'' *° ^^'^^ 

most proximal balloon 14 and the next mosi^^Si£°TLTf^'l "^^ 

Providing the balloons in pairs advantaqS? oZ^l! * °' ^''^"'P'*' ^ ^0 mm. 
partcularly useful at .he ends Sf the ^CTembrre ' Tr'"*' "' """""'"^ ^^^^ ™s - 
of the balloons to rotate perpendicular to fteir^i ^"""""^ tendency 

OuP:;.^c^rmr:rri:^^^^^ P<iV0.efin matena. is available from E.l. 

The balloon assembly also incl..ripr» Tr ^ . ^^^^^ename Surlyn«9 lonomer. 
16. The diameter of Z shS^ 2^ s Sn tJfn T ""'^'^ ^0. 12. 14 and 

are inflated, the sheath 22 Is « t?!hrbal ItT ' °' '^"-^ balto^ns 

passageway or blood lumen 24 for the hXrli TZ 1 T thereby forming a 

Sheath 22 creates a barrier for sep^afion iT^. h ''^^ ^« inflated ThTs J,e 

- held open by the toroidal J:^eXSor J 2 74 7eZ ht 1' "n .''^ '''''' ^ ^"^^^^^ - 
.ntemal diameter. For example, the internal diameters mav bel^ t °' ^"^"^ ^ '^9« 

volume of blood flow. This internal blood flow lu^r?4 J^^l k 1 '"^"^^ P^^'^'^'S ^ ^^^y '^^Qe 

significantly larger than the shaft tubing of Z device ' ' ^ "elns 

30 ^^y^^^r^Z^^^^^ -^^^.e...... .e sheath 22 may be made of a 

present invention may be prepared according rSndard^f^ *° "^^ ^"^^t" 

dimethyl terephthalate and dimethyl isophthall -^2,^^^^^ T ^"'^ ^ "^"^"^^ °^ 

tha ate ,0 isophthalate in the random copolymer m^y bela "Jn T "^''""^'^ °' ^reph- 

Suitable copolymers are commercially avaiteZ Td ^e T^H T °' ^^'^ SO-^O- 

35 Selar® X257. available from EI. Dupont de Nemours ..iH r tradename Selar* PT. such as 

In this embodiment, the blood flow lumen 24 ! ^.2,7^! (Wilmin^on. Delaware), 
and can be subsequently collapsed uJ^Heflafon of ^Sii °" °* """^"^ 14. 16 

balloons in a deflated state). Th'e dime'Sions 0 ^^0^^^^^^ ^"^""^ ^ '""'^-tes the 

specific use contemplated, but suitable sizes rige ^0^0 S^^^^^ -"T'' ^^^""'^'"9 °" '^e 

As illustrated best in Roures 1 anH s L „ *° 

fs defined between the sheath 22 anTb^W TulTftr '"'T' ' ^ -9'°" 26 

inflated they in effect form a seal betweenTe viiJ ^^^^^ ^ '^'"""^ 14 are 

12. 14 define the outer boundan, of the cont^Z , Ticket 26 Z^ TZ '00 ^ "^'"'"^ 
baHoons 12. 14. defines the rest of the contalnmerjoTette f "^e 

in the vessel which is isolated-or separate from ttS flS f oS„a I' "^^ f 
drug medium may be contained in this containment ^^^^ 

predetermined period Of time Without entenngTbZ^^^ ^^JT'"^ concentrations for a 

The backbone of this embodiment i.^ a ^JLL , . P®"** °' 

Which the balloon tubing "aS2T m'ann^th^^^^^^ «'-9^»«<^ shaft 30 into 

donut-shaped balloons 10. 12. 14. and 16. T^e sl^cie ^d ^^^^^ '° to^'daJ or 

course, vary depending on the specific applicatioMo wSTf^^I" •"^'"9 ^0 will, of 

the Shaft tubing is about 135 centimeters fcmrS Lrt 0 oi trh"*. '" °^ ""''"P'^ embodiment. 
0.050 inches in proximal outside diameter. ^ LT^i T^'"^"^ 

0.004 inches. IDs diameter of the tubing 30 ca^ri^iom^^!.^ n nT '"^^^ ^ ^ 

depending on the contemplated use. rhL e^^,^Z;^'^ ° ^"^^ ° '"ches 

"SO in the coronary arteries. As will be rec^S^e '^ZT' "I"""^'^ ^ *=^«^ter Intended for 
prostate, urethra, etc. may have other suitabte .L: "^^".^ "^^ters '"tended for use in the 
flexible material such as a high density poIyethylennHDP^^ tubing 30 is preferably made of a 
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«o .I?! . .u "^u 3<1^3ntageously necked at its distal end to allow for variable stiffness or variable 
flexibility along the shaft. The necking of the shaft tubing 30 may be implemented by several arrangements 
For example, a necked region, that is a region which is more flexible than the rest of the tubing may be 
provided by reducing the outer diameter of the tubing, by reducing the wall thickness of the tubing or bv 
s providing a section of the tubing made of a more flexible material than the rest of the tubing. The necked 
porton may also be provided by any combination of these techniques. 

FIGURE 3b best illustrates this necking in one preferred embodiment. RQURE 3b depicts a slice 
Uirough the plane perpendicular to the plane of FIGURE 3a and for purpose of clarity does not depict the 
structure of the device which is not in this plane. The shaft tubing 30 is bonded to a necked section 30a of 
R n r! o!,ln?- r'r'«"'''"9 commercially may be accomplished with an adhesive, such as 
B.Pax®^BA-2135D Tra-Bond available from Tra-Con (Medord. Massachusetts). The necked section 30a of 
prowmal shaft tubing may have, for example, an outside diameter of about 0.040 inches and a wall 
thickness of about 0.003 inches. Proximal to the necked section 30a of proximal shaft tubing, there is a 
transibonjection 31 followed by the unnecked section 30b of proximal shaft tubing 30. The unnecked 
""^^ ^ °' ° ^'^ ^ •'"'^'^ess of about 0.004 

By way of example, the shafting tubing 30 may be about 135 cm long, the necked sectfon 30a of 
proximal shaft tubing may be about 25 cm long, and the unnecked section 30b of proximal shafting tubing 
may be about 110 cm long. Preferably, the shaft tubing 30 has a tapered section 33 at its distal end to 
so prevent damage to the vessel walls as it is being inserted. 

A necWng may be accomplished by pulling the tubing through a heated die to elongate it and therefore 
change its inside and/or outside diameters. 

An inner shaft tubing 32 runs coaxially through the shaft tubing 30 in order to accommodate a PTCA 
guide wire 34. This type of guide wire is known in the art and therefore no further discussion is given here 
25 A suitable configuration for the inner shaft tubing 32 is a flexible tube made of HOPE which is about 135 cm 
long, and has a wall thickness of about 0.003 inches. . 

niMJSfH'""pir^';*lf^"lJ"'''"^ ""^^ "^"^'^^^ *° ^'l^ed "^'^''bi'ity to the catheter. As 

Hlustrated in FIGURE 3b. in one exemplary embodiment the inner shafting tubing 32 has a transition region 
and an unnecked proximal portion 32b. The distal, necked portion of the inner shaft tubing 32 may be about 

n '"t®^ / ® ^° '"^ The unnecked proximal portion 32b may be about 

0.024 inches in outside diameter and about 105 cm long. 

The necked or more flexible portion of the catheter may be provided by necking one or both of the 
shaft tubing 30 and the inner shaft tubing 32. 

Mo JoTLn^/o^'f °' the arrangements and advantages of necking are disclosed in U.S. Patent 

No. 4.976,690 (Solar et al.) which is incorporated herein by reference. 

As illustrated there are basically three different lumens through the proximal portion of the shaft tubing 

fLZl r!L'T!" ^"''^^ ""'^ '"'""^ '""^^ «"bing 32. another being an 

nflabon lumen 36 for the balloon inflation medium which is continuous with the donut-shaped balloons 10 

lo 11' ^^^'^^^^ «*«t^' below), and the final one being the drug delivery lumen 38 formed in 

the space between the inner shaft tubing 32 and the shaft tubing 30. 

In one exemplary embodiment, the inflation lumen is made at its distal end (where the balloons 10 12 
14 16 are fomied), from Suriyn». and has an inside diameter of 0.006 inches and an outside diameter of 

u.un incnss. 

.Jl ! P'®i®"«yr®'*''^ embodiment the inflation lumen is fomied of three sections: 1) the section 
attached to the balloons described above: 2) a middle inflation lumen section 164; and 3) the proximal 

L'l^tS^i TiL" 'T*"" """"^"""^ '^'^'^ '"^"^W <"o« shown). Both the miAlle and 

pro»mal mflabon lumen sections 164. 166 are preferably made of a polyimide material. The bond 170 of 

I^^«„ k" "'^ '^'^ *° bond of 172 of the middle inflation 

HT^o^Jf , K. "'^'"'"^ 's accomplished with a suitable adhesive, such 

as Lortite. 405 available from LDCtite Corp. (Newington. Connecticut). The middle inflation lumen section 

I^-Hc ^ '"^ "'^^^^ °' ° '"<*«S' of about 0.001 inches, and may be 

^uJ! Pt" ""^ '"^y ^ '"sWe diameter of 0.016 inches, a wall 

Ui^kness of 0.001 inches, and may be about 100 cm long. It will be recognized that these dimensicLis are 
given by way of example and other suitable sizes may be employed. 

^n^I*"* shaft tubing 30 has a number of apertures 40 in order to accommodate the drug flow out of these 
aperhires 40 into the containment pocket 26 formed between the two inner baltoons 12. 14. the sheath 22 
^er mMT^! 'IJ'^ ^P^rt"^^^ 40 are placed tongitudinally along the shaft tubing 30 between the 

inner most balloons 12. 14. The apertures 40 are on both sides of the shaft tubing 30 and the area in which 
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they are placed does not come into contact with the vessel w^n on or^t^r^M. *i. 

mmmm^m 

donut-shaped b^loons 10 12 14 16 thermoplastic balloon tubing 36 to form the outer. 
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(EPOX^ 

Wt 
(in grams) 


f ADHESIVE) 

Epoxide 
Equivalent 
Wt. 


Description 


Araldite GY 508 [Ciba Geigy] 

Araldite GY 506 {Ciba Geigy] 
Epon 828 (Shell) 
2-Methyl-l .5-pentadfamine 
(Dytek A from Dupont) 


148.8 (g) 

59.0 (g) 
92.6 (g) 
32.5(g) 


400-455 

172-185 
187.5 


Bisphenal A based epoxy blended 
with polyglycol diepoxide 
Bisphenal A based epoxy 
Bisphenal A based epoxy 
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AS IS Illustrated in Rgure 3a, the toroidal-shaped ballons 10 12 14 ifi ara fnrmoH trr^r^T ^ 
piece of tubing since they are laced ttironnh th« ch^riT o« J L ""^'^ contnuous 

are all in fluid commun?irwim racJ; oS " ''^^^'"^ 10. 12. 14. 16 

cnanSidHrrlve^ln^IlSL^^^^^^^^ ^ """'"'^ ^'^^ ♦'^^ A suitable 

the manifold trevSjate roT^^^ -r^ T"" '^"'"^ P'^^'^ °" t^'^"" '""ation port of 

sterile liquid tl ev^ateaiY. ^"'^ ''"^ P"*^ with, a 

creatXtflaJ^oTSe'Sl's °' - 

integral pit of the C^e^m^iJ di^^;,! o 'th^^^^^^^^ ""r;,'"-" ^ 

the shaft. When the balloons 10, 12. 14 16 are deflated^I I • ■ not limited by the diameter of 
flow lumen and therefore smal enough ^ dfaiJete t IT " T"* '''^'''^ "° "''^ 
system. As discussed above in sorn^ 1,^ ,71^ maneuver through the patienTs vascular 

thereby limiting mslSTli^^ SZZT^C '""'"fl 

sr. tr^' "Htj™-? ^^^^ 
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because tt provides fle^bility ss to JLlZ7Tug ZeTlTT ™' ''^''''^ '"'P<«^t 
as well as flexibility as far as deployment of the dS f 1 ,f. « <'e«vered 

art. tf,is embodiment minimizes tfe ZTem oT,^tZoe cL"l^: '"^''^ ^'"^ '"^"^ 
being ejected from the catheter. As mentionwl a3 nTZ!.K, T ^ ^ '^'^ '^'3" °' *® <1~9 

the vessel wall 20 and the apertureT Jo aoorrnriS r ^^'^'^ ^ *^«='«<* 
apertures to the wall In a slow gen^ 5^0^10^'^"? ! ^ f"'^ ''"^S ^•"^^flss from the 

10 stream. Thus, the containment r!^^ 2ZZT^^l 7:T! iT "'^^^^^ « P^^^^^^red 
to "bathe" the vessel wail 20 ^^"^ ^0 and the vessel wall 20 is used 

nGu?Hvr^mtt:^?m^l^ol^^^^^^ ^'^^^^ ^- ™ - 

illustrate this device in the blood vessel 20 bS^ deflZ^MP T J^I "^""^^ * ^"^ ^ 

rs in these figures the balloons in the balloon as^mblv l^^^^^^^^ i-!^ '""'^^^ ^''"^^"^ '""^'^^ted 
be Placed at closer intends. The ^dLTb^nT will ai^^^^ """'T "^""""^ 
configuration and positioning of the toroidaJ-Lf ^^,11^^ h °P«"- The 

be formed between the pr^ously-dScred lord^^^^^^^ »'^'«>"^ -"ay 

even be eliminated. (RGURE 7) For aironhelrlli^ . ^ ^ ^ 12 and 16 may 

- 16 to the most distil balloon^io canl^^^^^^^^ -st proximal balloon' 

disposed about 2-3 mm apart ° '"^ide balloons 10" may be 

biood^frtCi^^^^^^^^^^^ 

be cut Off by any one of the follovWng: (1) the lesion m J! Jlr 1°"' °^ ""^ ^'""^^ ^^"^^^ 22 may 
at a bend and the sheath could kink 'an^or^srC^^^^ "^^.f '""'"^ 

Therefore, the radial support needed for the sheaS T J ""'^ ""''^ ^"^"^ ^hut. 

treatment site and the particular treafrnent^no n ^!^^^P«"*"9 °" the specific conditions of the 
J) mainta.n the blood L lum^STh^o gt he ceX^^^^^^^^ ZT^.'"''^'' 

different configurations illustrated may be used to orovl l? ! " ^"^'"^^ "^^""""s. The 

the number of balloons in the balloon'aLem^ly L^ es ZT^^^^^^^ 
perfusion lumen open. ^ 'ncreases the ability of the balloon assembly to maintain the 

sheath 52 sealed to each other at the end" oJthe^her*? cyhndncal sheath 50 and an inner cylindrical 
■ntemiittently sealed to one another at seZ,s S^A^ ^ 
two sheaths 52 and 54. These seals 54 mn atenn t„ °' ^ ''^ '^^"'^ between the 

that they are not complete ^ ^Tsp^^ ^feZ^' ^''^^^^^^ ""'"'"^ ^0. 52 except 

from one pouch formed between the^LdricLfslir^T? *° T ™9^-t« 
fom,ing these seals Is discussed in greir doSi Slow '""""^ ^« '"^'^"^ 

the 2;rof'LTe reri".^i rrprS jsrofir^ •^■-^ ^-^^ 

Sheath 52 come to an outer balloon waste Z^^tZ LT '^^^ ^'^ *° '""^^ 

is bonded with an adhesive, such as ^ac^n^ To Pouter 27^"* ^^'t 
bonded with a similar adheshre to an inn^ shaft JSe ^1?? ^ *^ 101 is 

fashion to the embodiments previously desLef 7^° inJ^r^^^^^^^^^ "l""" « 

The space between the outer and inner shaS 104 deSr^sL h ^ « 9"ide wire 108. 

The double sheath/balloon assemb^^v blt!^^ drug/inflation medium lumen, 
catheter balloons. The outer sheath so'e^ ll^^^,,^ S^F^'''" commercially available PTCA 
polyester copolymer such as that described above ' ""^^ ^'^ "^ade from a 

reSXT/rot^'SSetC^^ ^ ^ 

about 1.9 mm and about 2.0 mm to about 5.5 Z L ioTe J ^'"^ '^^^'^ ""^^ ^^9« 

preferably about 20 mm In length, but may var^S^m ""H: '^^^V- sheaths 50. 52 are 

device Is approximately 135 cm. but maj rZeTomTJ^T, '° °* ^^l 

«stSrsL^r?gr^^^^^^ - - - V^en the balloon 

0-00. me outer sheath 50 contacts the wall of the vessel 64 at the 
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areas designated by reference numeral 63. The contact area 63 is defined by the section of the sheath 50 
which IS not bonded to the other sheath 52. The area 54 where the two sheaths 50. 52 are bonded 
however, does not contact the vessel wall 64. Therefore, a containment pocket or region 11 for the drug is 
defined in the space between two adjacent contact areas 63. The outer sheath has apertures or holes 62 in 
5 order to deliver the drug to the vessel wall 64 in the containment pocket 11. These apertures 62 allow for 
permeability of the inflation medium (which contains the drug) out to the vessel wail 64. Preferably these 
apertures 62 are about 0.003 inches in diameter and spaced radially at 90- for each pouch. Here again 
other configurations may be suitable as well. For example, both the number and pattern of spacings of the 
apertures in each pocket defined by adjacent ribs may vary. The polymer that the outer balloon is fomied of 

. *° ^^'^ ®^ ^ discussed above or altematively may be semi-permeable to the 

iniiauon/drug solution. 

This embodiment also provides very good separation of dmg from the blood lumen and excellent blood 
flow because the blood flow lumen 66 is created by the inflation and expansion of the double sheath 50 52 
balloon assembly. The sheaths 50. 52 are inserted into the patient in a deflated fom, (not shown) and when 
15 they are positioned properly, they are inflated until the outer baltoon 50 comes into contact with the vessel 

Pirnni , o "^'"^ embodiment are similar to those described below for the embodiment of 

rivaUntb i, 2a, 25 and 3. 

Similar to the other embodiments discussed above, the position and number of inflation pouches 56 
may vaiy for different uses. To accomplish this, the seals between the two cylindrical sheaths 50 52 can 
have different configurations depending on what type of lifting and expansion force would be needed 

This embodiment of FIGURES 8. 8a. and 8b. is preferably made by blowing two different sheaths 50 
52, one slightly smaller than the other 52. The second smaller inner sheath 52 is inserted coaxially inside 
«ie outer sheath 50. These are then completely sealed distally. creating an occlusive seal 70 between the 
two sheaths 50. 52. These two sheaths 50. 52 may have intermittent seals through the body of the balloon 
assembly similar to what an inflatable air or water mattress would have; these seals are incomplete in 
places, allowing the inflation medium/drug to flow throughout the device. In an exemplary embodiment the 

^rlM ^^^'^ ^ ° "^'"^^ °" P''°^'"al end in the cone area 60 of the sheaths 

50 52 there are sealed cutaway portions 58 for blood flow. This sealing is around the cutaway portions 58 

30 cJlindiSrsheattlr^ *° '^""^ ""^'"'^"'"^ of the cone to the body of the 

e» 1^1 ^ """"'^^ °* '^^^^"^ ''^ys. One preferred method is by creating a heat 

seal between ttie two sheaths. This heat seal can be made by a laser weld, a radio frequency weld or an 
ultrasonic weld. Other equivalent methods can be substituted. In each case, the polymer of the two 

35 polymer ^ ^^^^ """"^ ^ ^"^^^^ "^"^ *° ^ ^"'^ ^° P'^^ °' 

Referring now to FIGURES 9. 9a. and 9b. another embodiment of tfie invention is shown. FIGURE 9a 
shows a cross section of FIGURE 9 along line A - A" and FIGURE 9b shows a cross section of the 
l^'T H ' ^ ■ ™' «'"bod"^«nt is comprised of an outer polymer cylindrical 

Sheath 72 and an inner polymer cylindrical sheath 74 intermittentiy sealed to one another at areas 76 to 
40 form a balloon assembly with an Inflation area 78 being defined between the two sheaths 72 and 74 This 
embodiment is similar to the embodiment of FIGURES 8. 8a. and 8b except the seals in the balloon 
assembly are intemiittent forming welds which are similar to spot welds. 

In an exemplary embodiment, the outer sheath 72 and inner sheath 74 are about 2.9 mm and about 3 0 

IT Jff °"^''^! ^ ^'""^ ^ exemplary embodiment, the 

balloon assembly comprised of sheaths 72. 74 is about 20 mm long and tt,e total device is preferably about 

!h!l '^^"'"^ ""^y fr*"" 75 to about 150 cm long. The outer 

sheath 72 and an inner sheath 74 are preferably made from the above-mentioned Selar« copolymer The 
fn^- ^PP"»^'"«!«'y 0 005 'nches wide and approximately 1-2 mm from each other. The mettiod for 
fonning these seals is similar to the methods discussed In greater detail above 

♦h ^ on/drug medium is delivered Into the balloon assembly, which comprises the sheaths 72 74 
2d hI'.^",^ ^ longitudinally along the device. Again, in this embodiment, the infl^ion 

ln!frrri 1^ r ^ ^^^^ ^ P"* '"to the outer sheath 

r r . °"* ^ * containment pocket defined between adjacent areas 

where the ou^er sheath contacts the vessel wall. A suitable diameter for ttiese apertures 80 is about 0.003 
nches. Apertures 84 in the shaft tubing 82 allow ttw Inflation medlum/dnig to pass from the shaft tubing 82 

apart and run longitudinally along the shaft tubing 82. The shaft tubing 82 may also be necked to provide 
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variable stiffness along the length of the shaft 

In an exemplary embodiment, this shaft tubing 82 is about 135 cm long, about 0.040 inches in outside 
diameter, semi-ngid yet flexible, and preferably made of HOPE 

. ^rJ^.oTV^^^ """^ ""^'^"^ *® shaft"tubing 82 in order to accommodate a guide 

TZ^ "'^y ^ « ™ guide wire as is known in the art. In one exemplary 

r,?Hl'T •""«''/„^f,*"bing 120 is also flexible, about 135 cm long, about 0.021 inches in diS 
outs.de diameter, about 0.024 inches in proximal outside diameter, has a wall thickness of about 0 003 
inches, and is made of HOPE. This inner shaft tubing 120 may also be necked as described above 

Similar to the other embodiments described above, the position and number of inflation pouches and/or 
nSlj'ed^ multiple configurations depending on what type of lifting and expansion force would be 

n,h»I?! "^ay be made by blowing two cylindrical sheaths 72, 74. one slightly smaller than the 

other 74. The second smaller inner sheath 74 is inserted inside the outer sheath 72. The sheaths 72 74 are 

IS Ihr^tST ^"^ ^* ^' ^=^^"9 ^ ^^''^^^ s«al between fte two 

JimS ♦ J: T ^? ""^y ^""^ intemiittent seals 76 through the body of the balloon 

:Z .s^SiZ'ZT "^'^ "^^^"^ ^^-'^ ^^^""^ '^--^ ^ °' 

hiJi^f embodiment also provides good separation of the drug from the blood flow lumen and excellent 
blood flow because the blood flow lumen 86 is created by the inflation and expansion of the double sheath 
72 74 sleeve/assembly. The balloon assembly is inserted into the patient in a deflated or collapsed fonn 
(not shown) and when positioned properly, it is inflated until tfie unsealed sections of ttie outer balloon wall 

''T''* u ''^ "^^^^ ""^^^'^ °^ ^'^ embodiment are similar to tiiose 

descnbed below for other embodiments. 

With all of the embodiments disclosed above, because the blood flow lumen is created by ttie inflatable 
balloon assembly (which may consist of any or all of a balloons/sheatiT/shaft/etc.) the overall device can be 
kept to a minimal size. The blood flow lumen is only fomied upon inflation of flie balloon assembly and «,e 
device IS in effect collapsed in its uninflated form. This physical attribute allows ttie catheter to be of a very 
small diameter when it is inserted into the patient's body and maneuvered to tt,e desired position yet 
th '^^^ is inflated. Unlike prior art deOices 

5L« T '"^^^^ '"flalable and collapsible means 

Since blood ,s not flowing ttirough the shaft of ttie device like prior art devices, the competing balance of 
mmrniizing the size of ttie device and making ttie shaft large enough to accommodate ttie larger volume of 
inSn J!' ' « ^' °* «"^bodiments disclosed, it is presently believed that when ttie device is 

.mated tiie flow will be at least 60% of what ttie flow would be wittiout tt,e device in place. Additionally, the 
drug may be delivered to a pocket which is separate or isolated from the blood flow. This permits ttie drug 
to be administered at higher concentrations and locally at ttie selected treatinent site in ttie blood vessel 
d« Jrin««n f 1"^® '^^'^'^ * °' PTCA and ttie following 

SI f T °' ^""^ ''^^'^ 9'^^" P^°^'^« « ^^^^ e'^ample of ttie 

Z^Zl ,"'7, -^'"T' ""^'"^ ^- "o^^ver. can envision many ottier uses of 

T™, • i^""^ '^'^^^ *° ""^ "^^^^ ^^^'^ °' '° ''^"^ other ducts or cavities The following 

*° embodiment of Rgure 1. It will be recognized ttiat similar procedures 
will be used w.tti respect to ottier embodiments of ttie invention. 

n„ "^'.^^^"^ ''^''^^^ <=3«heter of ttie present invention must be prepared. Rrst vacuum is pulled 

T.T °* *° ^"^'^ fr""* '^''oons- Then ttie drug inhision 

port IS filled witti a sterile liquid,-agaln to evacuate air ttierefrom 

exch?„n^'? f ^I"*^ !!" ^'^^'^ procedure, ttie drug delivery cattieter of ttie present Invention is 
S« w L existing guide wire 34 used in ttie BTCA. The dmg delivery cattieter is slid over ttie 

.Sir o hll "^'TS 1 ^ ^« P«''°""«d- The balloons are then 

mflaled to between 5 and 10 abnospheres such ttiat ttie containment region is defined as explained above 
Drug .nfusion is ttien initiated ttirough ttie apertures in tt» baltoon assembly to provide ttie 7^rS^to 
m containment pocket or region and ttius to ttie vessel wall. The drug « agent is provSed^n a 
fte^eutically effective amount and concentration for preventing aestenosls. For elnple! KS^n^^ of 
^ZT^ as disclosed in "Effect of Controlled Adventitial Heparin Delivery on SmooftTscle 
Ceti Proliferation by Edeliman et al.. Proc. Natt. Acad. Sd. (USA) 1990; 87: 3773-377? wW^ fe 

^TJ^Z: VZ'"^ ''""^^ ^* « P^-'"- '-Sing from a m^rmTv^e*: 

zero to 50 pounds per square inch (depending on ttie volume and concentration of drug desired) CWie 
preyures are contemplated for ottier uses as per ttie flexible natiire of tills device. The btoc^in S2 v^ 
continues to flow ttirough ttie center of the flow lumen created ttirough ttie center of ttie ^k^nran^Te 
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minimized. Further, since the blood Jow l Tilated frorS thl - "''^ 
administered locally and does not ent treiLTSel ZiJ^hT^^ 

dmg to be provided to the vessel waH in hinh^„ ! ^® '^^^^ ^'^ '"^ »he 

possible in light of L abS^TteacLZs The e^H °, edifications and variations are 



30 
35 

45 

50 3. 

55 



Claims 
1. 



tTXlT"" '"'^ ' "''^•^ '^""^^'"^ ^ "-^^ «'"^- "'^ de'ivery catheter 

an elongated tubular member having a proximal end and a distal end- 
second 2d!""" communication with the distal end of the tubular member for delivering a 

assembly" iSir^^^^^ T ^^"'^^ "'^ 

b.loon isembly t^^TZZ:^:^^ ^l^TZ ^ '^^^^ 

the balloon assembly configured such that U when th« hoii ™» u • • 

the first fluid in the vessel may flow around ihl ^ 

in an inflated state i)VeSof Z h«?l? ^ ^> "^l^" '"«'"be^ 

pocket for conS^TnV the feSndl^^^ Tl"^" '^""'"^ ^ 

balloon assembly. iS the SJures trS^J^^!^ T ^' ^"'^ *® '=0"*acting sections of the 

defined through ieSaSTontetiMral c:^^^^^ '"^ ^ 

an ln„a«on lumen in «uid communica«onrreSr::mr£r„;^^^^^^^ 

ItnCiT'LT^'" " '^'^""^ ' ^'^"^ ^ '""^tion lumen and the drug 

LtVetrnrrmSr^o^l^r,^ ^ ^ — - - drug 

and a eylindriC shea. ^'^^^^^^^^ ^ZT:X'Z 
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lumen is defined through the center of the cylindrical sheath. 

6. A dmg delivery catheter as claimed in Claim 5 wherein the diameter of the cylindrical sheath is less 
than the diameter of the balloons, 

7. A drug delivery catheter as claimed in any one of the preceding claims further comprising a guide wire 
lumen for receiving a guide wire. 

a A dmg delivery catheter as claimed in Claim 7 wherein the guide wire lumen runs substantially 
coaxially through the length of the tubular member. 

9. A dmg delivery catheter as claimed in any one of the preceding claims wherein the balloon assembly 
comprises a first cylindrical sheath, a second cylindrical sheath disposed coaxially within the first 
cylindrical sheath, the first and second cylindrical sheaths being sealed together at their ends to define 
an inflation space therebetween. 

10. A dmg delivery catheter as claimed in Claim 9 wherein the first and second cylindrical sheaths are 
intermittently sealed to one another at spaced intervals between the sealed ends of the sheaths and a 
plurality of containment pockets are defined between the sealed sections. 

11- A dmg delivery catheter as claimed in any one of the preceding claims wherein the apertures are 
disposed in the balloon member. 

12. A dmg delivery catheter for insertion into a vessel containing a first fluid, the drug delivery catheter 
comprising: 

an elongated tubular shaft having a distal end and a proximal end; 

a balloon assembly including a first toroidal-shaped balloon disposed at the distal end of the 
tubular shaft, a second toroidal-shaped balloon spaced proximally from the first toroidal-shaped balloon, 
and a cylindrical sheath attached to the first and second toroidal-shaped balloons, the sheath attached 
to the toroidal-shaped balloons at a section of the toroidal-shaped balloons radially inward of the outer 
diameter of the toroidal-shaped balloons, the balloon assembly configured such that when the toroidal- 
shaped balloons are inflated, the toroidal-shaped balloons contact the vessel wall thereby defining a 
containment pocket between the vessel wall, the tubular shaft, the toroidal-shaped balloons, and the 
sheath; 

an inflation lumen in the tubular shaft in fluid communication with the toroidal-shaped balloons; and 
a drug lumen in the tubular shaft in fluid communication with at least one aperture in the 
containment pocket for delivering a drug to the containment pocket. 

13. A drug delivery catheter as claimed in Claim 12 further comprising an inner shaft tube running 
substantially coaxially and longitudinally through the tubular shaft for receiving a guide wire. 

14. A drug delivery catheter as claimed in Claim 12 or Claim 13 comprising a plurality of toroidal-shaped 
balloons disposed between the first and second toroidal-shaped balloons. 

15. A drug delivery catheter as claimed in Claim 14 comprising four toroidal-shaped balloons. 

16. A drug delivery catheter as claimed In Claim 12 comprising a third toroidal balloon adjacent the first 
toroidal-shaped balloon and a fourth toroidal-shaped balloon adjacent the second toroidal-shaped 
balloon. 

17. A drug delivery catheter as claimed in any one of the preceding claims wherein the apertures are 
disposed in the tubular shaft 

ia A fluid delivery catheter for insertion Into a vessel which contains a first fluid, the fluid delivery catheter 
compnsing: 

an elongated tubular shaft having a proximal end and a distal end; 
balloon assembly disposed at the distal end of the tubular shaft, the balloon assembly including 
an inflatable balloon member having an uninflated state and an inflated state; 
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the balloon assembly configured such that 1) when the balloon member is in an uninflated state, 
the first fluid in the vessel may flow around the balloon assembly, and 2) when the balloon member is 
in an inflated state, sections of the balloon member contact the vessel wall defining a containment 
pocket for containing a second fluid between the vessel wall and within the contacting sections of 
5 balloon member, and a flow lumen is defined through the balloon member to allow the first fluid to pass 
through the balloon member; 

means for inflating the balloon member; and 

means for providing a second fluid to the containment pocket when the balloon is in an inflated 
state. 

10 

19. A fluid delivery catheter as claimed in Claim 18 wherein the means for providing a second fluid to the 
containment pocket comprises a drug lumen provided through the tubular shaft, the drug lumen being 
in fluid communication with at least one aperature disposed in the distal end of the shaft or disposed in 
the balloon member. 

75 

20. A fluid delivery catheter for insertion into a vessel which contains a first fluid and for delivering a 
second fluid to a predetermined site in the vessel, the fluid delivery catheter comprising: 

an elongated tubular shaft having a proximal end and a distal end and having a diameter less that 
the vessel; 

20 a balloon assembly disposed at the distal end of the tubular shaft, the balloon assembly including a 

balloon member which may be inflated and collapsed, the balloon member when in a collapsed state 
having a diameter less than the diameter of the vessel, and when in an inflated state, sections of the 
balloon engage the vessel wall and an area of the balloon member inside of the engaging sections 
does not contact the vessel wall to define a containment pocket within the engaging section of the 

25 balloon member, and when In an inflated state, a flow lumen is defined through the balloon assembly to 
allow the first fluid to flow therethrough; 

an inflation lumen in fluid communication with the balloon member to provide an inflation fluid to 
the balloon member; and 

an fluid delivery lumen in fluid communication at least one aperture disposed in the containment 
?o pocket for delivering a second fluid to the containment pocket. 

21. A fluid delivery catheter as claimed in Claim 20 wherein the catheter is configured to fit in a blood 
vessel and further comprising lumen adapted to receive a guide wire. 

15 22. A fluid delivery catheter for insertion into a vessel which contains a first fluid and for delivering a 
second fluid to a predetermined site in the vessel, the fluid delivery catheter comprising: 

an elongated tubular shaft having a proximal end and a distal end and having a diameter less that 
the vessel; 

a balloon assembly disposed at the distal end of the tubular shaft, the balloon assembly including a 
o balloon member which may be Inflated and collapsed, the balloon member including flow means for 
allowing the first fluid to flow through the balloon assembly when the balloon is inflated and containing 
means for containing a second fluid outside of the flow of the first fluid and in contact with the vessel 
when the balloon member is inflated; 

means for Inflating the balloon member; and 
5 means for delivering^ a second fluid to the containing means. 
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